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METHOD OF MAKING A MEMORY CELL CAPACITOR 
WITH Ta 2 O s DIELECTRIC 

BACKGROUND OP THE INVENTION 

FIELD OF THE INVENTION 

[0001] The present invention relates to the field of semiconductors, and more 
particularly to a method for making a capacitor in an integrated circuit. 

DESCRIPTION OF THE RELATED ART 

[0002] A memory cell in an integrated circuit, such as a dynamic random access 
memory (DRAM) array, typically comprises a charge storage capacitor (or cell capacitor) 
coupled to an access device such as a Metal Oxide Semiconductor Field Effect Transistor 
(MOSFET). The MOSFET functions to apply or remove charge on the capacitor, thus 
effecting a logical state defined by the stored charge. The amount of charge stored on the 
capacitor is proportional to the capacitance C, defined by C=kkoA/d, where k is the relative 
dielectric constant of the capacitor dielectric, is the vacuum permittivity, A is the 
electrode surface area and d is the distance between electrodes. 

[0003] As integrated circuits are continually scaled down and achieve ever higher 

levels of integration, the area available for memory cells is being reduced. Nevertheless, 

each capacitor is still required to maintain a minimum capacitance. It is therefore 

important that capacitors achieve a high stored charge per footprint or unit of chip area 

occupied. However, the use of silicon nitride (Si 3 N 4 ) as the dielectric in DRAM capacitors 
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is reaching some fundamental limitations as DRAM cells are scaled down. For example, as 
the Si 3 N 4 film is continually made thinner, leakage current arising from electron tunneling 
through the dielectric increases. A thicker Si 3 N 4 film is of course unacceptable since a 
higher distance between electrodes results in lower capacitance and a lowering of the 
charge able to be stored in the capacitor. Before long, such a limitation will present a 
barrier to the development of future generations of DRAM cells. 

[0004] Several techniques have been considered for increasing the total charge 
capacity of the DRAM cell capacitor without significandy affecting the chip area occupied 
by the cell. Perhaps the most promising solution is the use of new capacitor dielectrics with 
higher dielectric constant k values. The decrease in capacitance that would occur were a 
thicker Si 3 N 4 film to be used is offset by a higher k value. That is, the higher dielectric 
constant allows a thicker film to be deposited than would be practicable with Si 3 N 4 , while 
reducing leakage current and providing a level of capacitance that would be unattainable 
with Si 3 N 4 films. One promising dielectric candidate is tantalum pentoxide (Ta 2 O s ), which 
is characterized by an effective dielectric constant significandy higher than conventional 
dielectrics such as Si 3 N 4 . Whereas k=9 for silicon nitride, Ta 2 O s has a dielectric constant of 
about 25. Therefore, using Ta 2 O s enables the creation of much smaller and simpler 
capacitor structures for a given stored charge requirement. 

[0005] However, difficulties have been encountered in incorporating Ta 2 O s into 

conventional fabrication flows. For example, after Ta 2 O s is deposited on a capacitor 

electrode, it must be annealed at a high temperature in the presence of a highly oxidizing 
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plasma or ambient. The high temperature converts the amorphous Ta 2 O s to crystalline 
Ta 2 O s , which is preferred to achieve a higher dielectric constant. The highly oxidizing 
plasma or ambient reduces leakage current by ensuring maintenance of the appropriate 
oxygen content in the dielectric. However, the oxygen diffuses through the Ta 2 O s layer 
and oxidizes elements of the integrated circuit including the bottom electrode of the 
capacitor, for example, a metal electrode, a diffusion barrier, and an underlying 
polycrystalline silicon (polysilicon) plug. This oxidization negates the advantages realized 
by utilizing Ta 2 O s over Si 3 N 4 as the capacitor dielectric in the first place. For example, 
oxygen diffusing through the bottom electrode oxidizes the polysilicon plug. This creates a 
layer of insulating Si0 2 at the surface of the polysilicon plug which significantly increases 
resistance at the capacitor to plug interface. One solution is to employ a conductive 
oxygen barrier to halt the diffusion of the oxidant to structures in the capacitor and 
integrated circuit. This, however, has proven very difficult and costly to achieve. 

[0006] Thus, there is a need for an improved method for making a DRAM cell 
capacitor with a crystalline Ta 2 O s dielectric exhibiting low leakage while at the same time 
possessing a crystalline structure which provides high capacitance. 
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SUMMARY 

[0007] The present invention provides a method for making a DRAM cell capacitor 
that utilizes crystalline Ta 2 O s having low leakage characteristics as the dielectric while 
mitigating oxidation problems. A diffusion barrier layer formed of tantalum nitride (TaN), 
titanium nitride (TiN), or tantalum silicon nitride (TaSiN) is formed on top of the 
polysilicon plug, and a bottom capacitor electrode formed from platinum, rhodium, or a 
platinum-rhodium alloy is formed on the diffusion barrier layer. Ta 2 O s is deposited on the 
bottom electrode and is then annealed at least two times. One of the anneals is a high- 
temperature anneal in a nitrogen (N 2 ) ambient which crystallizes Ta 2 O s in an orientation 
that provides a high dielectric constant. Another anneal is accomplished at low 
temperature in an ozone (0 3 ) ambient, achieving a reduction in leakage current. After the 
anneals are completed, an upper electrode of platinum, rhodium, or platinum-rhodium 
alloy is deposited on top of the crystalline Ta 2 O s . 

[0008] Additional advantages and features of the present invention will be apparent 
from the following detailed description provided in connection with the accompanying 
drawings which illustrate exemplary embodiments of the invention. 

BBJEE DFSCRTPTION OF THE DRAWING S 

[0009] FIG. 1 is a flowchart for the method for making DRAM cell capacitor in 
accordance with the present invention. 
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[0010] FIG. 2 is a cross-sectional view of a semiconductor substrate having transistors 
and an insulating layer formed thereon. 

[0011] FIG. 3 shows the substrate of FIG. 2 undergoing the process of the preferred 
embodiment of the present invention. 

[0012] FIG. 4 shows the substrate of FIG. 3 at a processing step subsequent to that 
shown in FIG. 3. 

[0013] FIG. 5 shows the substrate of FIG. 4 at a processing step subsequent to that 
shown in FIG. 4. 

[0014] FIG. 6 shows the substrate of FIG. 5 at a processing step subsequent to that 
shown in FIG. 5. 

[0015] FIG. 7 shows the substrate of FIG. 6 at a processing step subsequent to that 
shown in FIG. 5. 

[0016] FIG. 8 shows experimental data which compare the capacitance of a DRAM 
capacitor made according to the present method with capacitors made according to other 
methods. 
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[0017] FIG. 9 shows experimental data which compare the leakage of a DRAM 
capacitor made according to the present method with capacitors made according to other 
methods. 

[0018] FIG. 10 shows experimental data which indicate the direction of crystal 
orientation of Ta 2 O s after performing first anneal sequence of present invention. 

[0019] FIG. 11 shows experimental data which indicate the direction of crystal 
orientation of Ta 2 O s after performing second anneal sequence of present invention. 

TVRTATT/RD T>KSCRTPTION 

[0020] In the following description, reference is made to the accompanying drawings 
which will serve to illustrate exemplary embodiments of the invention. The description 
provides sufficient detail to enable those skilled in the art to practice the invention. Of 
course other embodiments may be used and various changes may be made without 
departing from the scope of the present invention. The scope of this invention is defined 
by the appended claims. 

[0021] Referring now to the drawings, one embodiment of a method for making a 
DRAM cell capacitor is represented in FIG. 1. The DRAM capacitor is made according to 
a process which begins with the structure of FIG. 2. The capacitor manufacture begins 
after the formation of most of the elements of the memory cell, including a word line gate 

7 

1415125 v2;%BX102LDOC 



Docket No.: M4065.0541/P541 
Micron Rcf.: 00-0799 

32 formed over a gate oxide 31 and source/drain areas 34 and 36 which together form an 
access transistor 38 on the semiconductor substrate 30. 

[0022] Following the fabrication of the transistor 38, an insulating layer 40, made of a 
material such as borophosphosilicate glass (BPSG) is formed over the semiconductor 
substrate 30 as well as the transistor 38. An conductive plug 42 made from an oxidizable 
material such as polysilicon is formed in insulating layer 40 and provides a conductive 
contact with active area 34. A second insulating layer 44 is formed over the first insulating 
layer 40 and an opening 72 is provided therein over the plug 42 for construction of a 
capacitor. Insulating layer 44, like insulating layer 40, may be formed of BPSG. 

[0023] The capacitor that is the subject of this invention is formed in opening 72. 
Referring to FIG. 1 and FIG. 2, the method of the invention begins with the formation of 
opening 72 in insulating layer 44, depicted in FIG. 1 as processing step 12. 

[0024] Referring now to FIG. 1 and FIG. 3, the next step in making the capacitor is 
to form a diffusion barrier layer 56 in opening 72, as shown as processing step 14 in FIG. 
1. The diffusion barrier layer 56 prevents diffusion between a metal bottom electrode of a 
capacitor and the polysilicon conductive plug 42. The diffusion barrier layer 56 may be any 
material known in the art which is conductive and which prevents diffusion of materials 
between the oxidizable conductive plug 42 and the bottom electrode. Preferable materials 
for the diffusion barrier 56 layer include tantalum nitride (TaN), tantalum silicon nitride 
(TaSiN), or titanium nitride (TiN). The diffusion barrier layer 56 can be applied using 
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chemical vapor deposition (CVD), physical vapor deposition (PVD), or other conventional 
methods known in the art. 

[0025] FIG. 1 and FIG. 4 depict the next step 16 of the process, which is the 
formation of a bottom electrode 54 in the opening 72, adjacent to the diffusion barrier 
layer 56. The bottom electrode 54 may be made from platinum, rhodium, or a platinum- 
rhodium alloy, and is preferably formed by CVD, although it can readily be formed by 
PVD or other techniques known in the art. Referring now to FIG. 5, the diffusion barrier 
layer 56 and the bottom electrode layer 54 are planarized as known in the art, e.g., by 
chemical mechanical planarization (CMP), so that diffusion barrier layer 56 and the bottom 
electrode 54 are present in opening 72, but not on the uppermost surface of the second 
insulating layer 44. 

[0026] Referring to FIG. 1 and FIG. 6, the next step 18 is the formation of a 
tantalum pentoxide (Ta 2 O s ) dielectric layer 52 on the bottom electrode 54, while 
maintaining a temperature less than 650° C in order to prevent oxygen in the ambient 
from oxidizing the bottom electrode, diffusion barrier, and polysilicon plug. The Ta 2 O s 
layer 52 may be formed on the bottom electrode 54 by CVD or other techniques known in 
the art. Further, the thickness of the Ta 2 O s layer 52 in the present embodiment is about 
50 to about 150 Angstroms, with about 100 Angstroms preferred. Of course, the 
thickness may vary with the particular application, as is known in the prior art. 
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[0027] After the Ta 2 O s layer 52 is formed on the bottom electrode, it is twice 
annealed as depicted in FIG. 1, step 20 and step 22. The Ta 2 O s layer 52 is first annealed at 
step 20 in a nitrogen (N 2 ) ambient while a temperature of about 650° C to about 900° C 
is maintained. This anneal crystallizes the amorphous Ta 2 O s layer 52. The N 2 anneal is 
followed by annealing the Ta 2 O s layer 52 in an ozone (O s ) ambient while a temperature of 
about 25° C to about 550° C is maintained, as shown in step 22. 

[0028] In another embodiment of the present invention, the Ta 2 O s layer 52 is 
annealed first in an ozone ambient at a temperature of about 25° C to about 550° C as 
shown in step 22, followed by an N 2 anneal at a temperature of about 650° C to about 
900° C, as shown in step 20. In either embodiment, little oxidation of DRAM cell 
components such as polysilicon plug 42 occurs in the annealing process because of the 
relatively low temperature used in the ozone anneal step 22. 

[0029] In both these embodiments, the temperature maintained during the ozone 
anneal is about 550° C or less. Performing an anneal with an oxygen-containing (and thus 
highly oxidizing) ambient at a relatively low temperature mitigates oxidation of the 
polysilicon plug and other parts of the memory cell. The acceptable amount of oxidation 
allowable in a memory capacitor utilizing a Ta 2 0 5 dielectric can be expressed in terms of 
resistance of the polysilicon plug. An anneal in the presence of an oxygen containing 
ambient that results in a post- anneal polysilicon plug resistance of not more than about 
50% greater than pre-anneal polysilicon plug resistance represents an acceptably low level of 
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oxidation occurring during the anneal sequence, meaning that a memory cell capacitor with 
a Ta 2 O s dielectric that is subject to this level of resistance or less will display 

[0030] As shown in FIG. 7, and depicted as step 24 in FIG. 1, after either detailed 
embodiment of the two-stage annealing process, an upper electrode 50 is formed over the 
crystalline Ta 2 O s layer 52. The upper electrode 50 may be platinum, rhodium, or a 
platinum-rhodium alloy, with platinum preferred. As with the other films, the upper 
electrode can be formed in many ways known in the art, such as by CVD or PVD. The 
capacitor structure as shown in FIG. 6 is complete. Further steps known in the art may 
now be taken to complete the memory cell. 

[0031] Referring now to FIG. 8 and FIG. 9, the improved performance of memory 
cell capacitors produced in accordance with the present invention becomes obvious. FIG. 
8 shows experimental data obtained on the capacitance of memory capacitors manufactured 
according to five different anneals of a Ta 2 O s dielectric. FIG. 9 shows experimental data 
obtained on the leakage current of memory capacitors manufactured according to five 
different anneal sequences of a Ta 2 O s dielectric. The first and second anneal sequences are 
an ozone only anneal at 475° C (represented in FIG. 8 and FIG 9 by a diamond) and a 
nitrogen only anneal performed at four different temperatures (represented in FIG. 8 and 
FIG. 9 by a square), both with PtRh bottom electrodes deposited by CVD, Ta 2 O s layer 
thickness of about 100 Angstroms, and a Pt upper electrode deposited by PVD after the 
anneal. 
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[0032] The anneal sequence represented by a triangle in FIG. 8 and FIG. 9 is the first 
of three anneals performed according to the present invention. It includes an N 2 anneal 
performed at one of four different temperatures of about 650° C or higher, followed by an 
0 3 anneal at about 475° C. This anneal sequence was applied to a 100 Angstrom layer of 
Ta 2 O s formed on a PtRh bottom electrode deposited by CVD, and covered by a Pt upper 
electrode deposited by PVD subsequent to the anneals. 

[0033] The second anneal sequence performed according to the present invention 
(represented in FIG. 8 and FIG. 9 by an X) is an O s anneal at about 475° C followed by an 
N 2 anneal at one of four different temperatures of about 650° C or higher. This sequence 
was also applied to a 100 Angstrom layer of Ta 2 0 5 formed on a PtRh bottom electrode 
deposited by CVD, and covered by a Pt upper electrode deposited by PVD subsequent to 
the anneals. 

[0034] The third anneal sequence performed according to the present invention 
(represented in FIG. 8 and FIG. 9 by a circle) is an N 2 anneal performed at one of four 
different temperatures of about 650° C or higher, followed by an 0 3 anneal at about 475° 
C. This sequence was applied to an 80 Angstrom layer of Ta 2 O s formed on a Pt bottom 
electrode deposited by PVD, and covered by a Pt upper electrode deposited by PVD 
subsequent to the anneals. 

[0035] FIG. 8 shows that the nitrogen anneal as well as the three anneal sequences of 
the present invention provide a high capacitance ranging from 20 to 50 femtoFarads/pm 2 
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at all nitrogen anneal temperatures tested. In contrast, the 475° C ozone only anneal 
resulted in a much lower capacitance ranging from about 10 to 25 femtoFarads/pm 2 . 
Similarly, FIG. 9 shows experimental data showing that the three anneal sequences 
performed in accordance with the present invention as well the 475° C ozone only anneal 
resulted in capacitors that display less leakage than capacitors annealed in nitrogen only. 
Capacitors fabricated utilizing anneal sequences performed according to the present 
invention provided both high capacitance and low leakage, as compared to capacitors 
fabricated utilizing ozone and nitrogen only anneals, neither of which provided both high 
capacitance and low leakage. 

[0036] Referring now to FIG. 10 and FIG. 11, it further becomes clear that each 
anneal sequence performed according to the present invention also results in a specific 
crystal growth. FIG. 10 shows data from X-ray diffractometer analysis of the crystalline 
Ta 2 0 5 after the anneal sequence of the first embodiment, where the N 2 anneal was 
performed before the O s anneal. FIG. 10 shows that the resulting crystalline Ta 2 O s has a 
crystal orientation that is primarily in the <200> direction. 

[0037] FIG. 1 1 shows data from X-ray diffractometer analysis of the crystalline Ta 2 0 5 
after the anneal sequence of the second embodiment described above, where steps 20 and 
22 are reversed and the Ta 2 O s layer 52 is first annealed in the 0 3 ambient, followed by the 
N 2 anneal. FIG. 11 shows that the resulting crystalline Ta 2 O s has a crystal orientation that 
is primarily in the <001> direction. 
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[0038] While the invention has been described in detail in connection with the 
preferred embodiments known at the time, it should be readily understood that the 
invention is not limited to such disclosed embodiments. Rather, the invention can be 
modified to incorporate any number of variations, alterations, substitutions or equivalent 
arrangements not heretofore described, but which are commensurate with the spirit and 
scope of the invention. Accordingly, the invention is not to be seen as limited by the 
foregoing description, but is only limited by the scope of the appended claims. 
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